Using the asymptotic conformal invariance of perturbative QCD we derive the expression of the coupling of external states to all conformal spin p components of the forward elastic amplitude. Using the wave function formalism for structure functions at small x, we derive the perturbative coupling of the virtual photon for p = 1, which is maximal for linear transverse polarization. The non-perturbative coupling to the proton is discussed in terms of "azimuthal matching" between the proton color dipoles and the qq configurations of the photon. As an application, the recent conjecture of a second QCD pomeron related to the conformal spin-1 component is shown to rely upon a strong azimuthal matching of the p = 1 component in γ * -proton scattering.
Conformal invariance of the BFKL equation
As is well known, the equation written by Balitskii, Fadin, Kuraev and Lipatov (BFKL) [1] expresses the elastic amplitude of two off-shell gluons in the high energy limit corresponding to the perturbative QCD resummation of the leading logarithms. In terms of transverse coordinates (Fourier transforms of the four external gluon transverse momenta), the equation can be schematically written ∂f /∂Y (k, k , q; Y ) = K ⊗ f , where Y (in the case of structure functions Y = log 1/x bj ) is the whole rapidity range, k, k the two-dimensional initial gluon momenta and q the 2-momentum transfer. The BFKL integro-differential kernel K obtained at leading log order is known to possess a global conformal SL(2, C) invariance [2] . The BFKL derivation is made in the framework of the leading log approximation but it is interesting to investigate the more general consequences of the asymptotic conformal invariance. Deviations from asymptotic conformal invariance could also be studied by comparison with the results obtained with this assumption 1 .
The solution of the BFKL equation is for the 4-point gluon amplitude. For practical application to the proton structure functions, say, the conformal couplings of the BFKL solution with thestates of the virtual photon and with the proton have to be made explicit. This is * Stagiaire de Diplôme d'Etudes Approfondies de Physique Théorique (ENS, Paris).
1 Throughout the present paper, we will stick to the conformal properties of the BFKL equation. However conformal invariance could be partly preserved at next-leading order, or it could be realized as an approximate conformal invariance [3] . The tools developed in our paper could then be extended to this case.
the main purpose of our paper: to formulate the most general coupling of the external states and discuss the constraints imposed by the conformal symmetry of the BFKL equation.
The conformal symmetry of the BFKL equation [2] is a powerful tool. Knowing that the kernel K is invariant under the SL(2, C) transformations, it is possible [2, 4] to exactly solve the BFKL equation by expanding over the SL(2, C) unitary irreducible representations, which are labelled by two quantum numbers, namely the "conformal dimension" γ = (1/2) + iν and the "conformal spin" 2 p ∈ N. In the appropriate eigenbasis K is diagonal with eigenvalues
whereᾱ = αN c /π and
Using the expansion over the whole conformal basis leads to an expression for the structure function: where f p (γ) is obtained from the couplings of the different conformal spin components to the external sources. The aim of our paper is to discuss these functions f p (γ) taking into account the constraints due to conformal invariance. In the expression (3), one usually sticks to the component p = 0 which gives rise to the "hard" QCD pomeron in the leading order BFKL formalism. In phenomenological applications, the perturbative coupling of the conformal component p = 0 to the virtual photon has been known since a long time [6-9] and some models of the nonperturbative coupling to the proton have been discussed [9] .
However, little has been done on higher conformal spins. They have been considered in two-jet production with a large rapidity interval in hadron-hadron collisions [10] and in the forward jet production in deep inelastic scattering [11] , which correspond to two "hard" vertices with similar characteristic scales. We shall come back to the corresponding perturbative QCD calculations later on in the discussion. More recently, the general conformal coupling has been formally derived in the eikonal approximation [12], leading to interesting selection rules. But higher spin components were expected to have no practical applications at a high energy (rapidity interval) since they are at first sight power suppressed in energy. This is indeed the case for the processes considered in [10, 11] .
However, recently it has been noticed [13] that the spin component p = 1 may have a non-negligible impact for processes corresponding to vertices with different characteristic scales and in particular for proton structure functions at moderate and large Q 2 . This is due to a "sliding" mechanism which shifts its effective intercept up and thus drastically changes the energy dependence. The p = 1 spin component may even be interpreted as the remnant of the well-known "soft" pomeron in the high Q 2 region. This result is to be put in perspective with the two-pomeron conjecture of [14] , where the "soft" pomeron is considered to be of the higher-twist type, while the "hard" pomeron would represent some kind of leading twist 3 . Hence, it is worth studying in detail the constraints and properties of conformal couplings to QCD pomerons, both from a perturbative (for the virtual photon) and non-perturbative (for the proton) points of view.
Section 2 is devoted to the general formalism for the coupling to a generic conformal spin component of the BFKL solution. In Sect. 3, we derive the perturbative coupling to the virtual photon wave function in terms of itsconfigurations and introduce a class of models for the non-perturbative couplings to the proton satisfying appropriate constraints. Then, in Sect. 4, we make a phenomenological application to the two-pomeron conjecture based on conformal spin components of the proton structure functions, which leads to the necessity of a strong azimuthal "matching" condition which is discussed in detail. A summary and our conclusions are presented in Sect. 5.
